Abstract. Stroke is a leading cause of cardiovascular morbidity, economic and social burden and mortality. Novel approaches are needed to address stroke prevention and treatment. The purpose of this study was to explore the effects of aloe polysaccharide on caspase-3 expression following cerebral ischemia reperfusion injury in rats. Male Wister rats were randomly divided into 5 groups (16 rats in each group): aloe polysaccharide, ginkgo leaf tablet, nimodipine, model and sham surgery groups. The rats were administered the appropriate drug or normal saline for 7 days by gavage. A rat model of cerebral ischemia and reperfusion injury was established using the middle cerebral artery occlusion (MCAO) model. Caspase-3 protein and mRNA expression levels in the cerebral cortex were detected by immunohistochemistry and reverse transcription-polymerase chain reaction (RT-PCR), respectively. Results showed that caspase-3 protein and mRNA expression levels in the cerebral cortex in the aloe polysaccharide, ginkgo leaf tablet and nimodipine groups were significantly lower compared with the model group and were higher than the sham surgery group (P<0.05). No significant difference was observed in caspase-3 protein and mRNA expression among the aloe polysaccharide, the ginkgo leaf tablet and the nimodipine groups (P>0.05). In conclusion, aloe polysaccharide has a protective effect on cerebral ischemia that may be due to the inhibition of neuronal cell apoptosis.
Introduction
Cerebrovascular disease, also known as stroke, is a clinically common disease characterized by high morbidity, mortality, disability and recurrence. Ischemic cerebrovascular disease (cerebral infarction) accounts for more than 70% of cerebrovascular disease. Two million individuals in China develop cerebrovascular disease each year, with an incidence rate of 120/100,000 individuals. Cerebrovascular disease has a detrimental effect on the patients' family and society (1) . Therefore, there is an urgent need to understand the pathogenesis of this disease to improve treatment and prevention. Currently, studies concerning stroke pathogenesis mainly involve energy deficit, excitatory amino acid toxicity, cell depolarization, calcium influx, inflammation and apoptosis (2) . Of these, neuronal apoptotic mechanisms currently draw the most focus (3) . Apoptosis is regulated by various cytokines including the caspase enzyme family (4) . Caspase-3 plays a key role in neuronal apoptosis following cerebral ischemia reperfusion (5) . In this study, a rat model of cerebral ischemia reperfusion injury was established to observe the effect of aloe polysaccharides on neuronal caspase-3 protein and mRNA expression. This study provides mechanistic insight into the effects of aloe polysaccharides on ischemic brain injury.
Materials and methods
Animals, drugs and reagents. Male Wistar rats (weight, 240-300 g, average 260.3±45.6) were supplied by the Experimental Animal Center of Jiangsu Province (Nanjing City, China). The rats had free access to food and water, but were fasted for 12 h prior to surgery. The aloe polysaccharides were prepared by the Department of Pharmacology, Nanjing University of Chinese Medicine (Nanjing, China). Other supplies included nimodipine tablets (Shanghai SCOND Pharmaceutical Co., Ltd., Shanghai, China), Ginkgo biloba tablets (Shanghai Xingling Science and Technology Pharmaceutical Co., Ltd., Shanghai, China), caspase-3 rabbit anti-mouse polyclonal antibody (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA), TRIzol reagent and primer nucleotide fragments (Invitrogen, Carlsbad, CA, USA) and RNA PCR Kit (Toyobo Co., Ltd., Osaka, Japan). Grouping and administration. Rats (n=80) were randomly divided into five groups (n=16 each): aloe polysaccharide (60 mg/kg), nimodipine treatment (21.6 mg/kg), Ginkgo biloba (135 mg/kg), model control and sham surgery groups. The rats were administered an equal volume of saline and received the treatments by gavage continuously for 7 days.
Establishment of model of right middle cerebral artery occlusion.
A modified method of that described by Longa et al (6) was used to establish right middle cerebral artery occlusion (MCAO) 30 min after the administration of the final treatment. Following MCAO surgery (30 min after the restoration of consciousness), the neurological deficit of the rats was scored and those with post-MCAO scores of 1-3 were included in the study. The qualified rats from the five groups were then divided into two groups; one group was used to measure caspase-3 protein expression in the cerebral cortex (n=6 rats per group) and the other was used to measure caspase-3 mRNA expression (the remaining rats).
Caspase-3 protein detection. The rats were anesthetized with an intraperitoneal injection of 10% chloral hydrate (350 mg/kg) followed by rapid thoracotomy to expose the heart. The right atrial appendage was cut open, a tube was inserted from the left ventricle into the ascending aorta and approximately 150 ml of heparin saline was infused over 5 min. Then, 200 ml of 0.1 mol/l of phosphate buffer containing 4% paraformaldehyde was infused slowly to allow tissue fixation. When the infusion was complete, a cut was made from the foramen magnum to remove the whole brain. The tissue was placed in the same fixative at 4˚C. Paraffin sections were sliced to a thickness of 4 µm and the slices were treated using the SP method. When the reaction was terminated, the slices were re-stained with hematoxylin, then rinsed with clear water, stained blue and treated with gradient ethanol dehydration, dimethylbenzene verification, sealed with neutral resins and observed. The caspase-3 immunohistochemistry results were observed under a light microscope. Images of the slides were captured in 10 high-power fields and 100 cells were counted per field for a total of 1,000 cells. The average positive rate (%) was calculated as (number of positive cells/total cells counted) x 100.
Caspase-3 mRNA detection. Chloral hydrate (10%) was intraperitoneally injected for anesthesia. The fur on the heads of the rats was wetted with 75% ethanol and the head was removed from the neck. The scalp was stripped and a small hole was cut in the skull. After changing gloves, the skull was prised open with vessel pincers to expose the brain tissue. Approximately 100 mg of cortex was cut from the parietal lobe of the cerebral ischemic side, using a surgical blade treated with DEPC water: a cut of 7-11 mm from the coronal plane to frontal pole was made, the fan-shaped ischemic penumbra was separated, and 1/3 of the distance from longitudinal fissure to brain cortex on the lateral brain was removed. The cortex was placed in cold saline to remove the blood and absorb water. The brain tissue was placed in numbered freezing tubes and then into liquid nitrogen and stored in an ultra-low temperature refrigerator at -80˚C. The reverse transcription-polymerase chain reaction (RT-PCR) was used to detect caspase-3 mRNA expression.
Statistical analysis. SPSS 13.0 statistical software (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis and data were presented as the mean ± standard deviation. Single-factor analysis of variance was applied to compare the average positive rates of caspase-3 protein and the caspase-3 mRNA/ β-actin ratio among the groups followed by intergroup, pairwise comparison using the SNK method. The above hypothesis test is two-sided with a test level α of 0.05. P-values of <0.05 were considered to indicate a statistically significant result.
Results

Caspase-3 protein expression among the groups.
The immunohistochemistry results showed that caspase-3-positive cells exhibited brown particles in the cytoplasm and/or nuclei. Caspase-3 protein expression and the average positive rates among the groups are shown in Fig. 1 Caspase-3 mRNA expression among the groups. The caspase-3 mRNA expression and mRNA/β-actin values in the groups are shown in Figs. 2 and 3 . The statistical analysis revealed that the caspase-3/β-actin ratio (0.286±0.020) was significantly higher compared with the sham group (0.179±0.022, P<0.05). The caspase-3/β-actin values in the nimodipine (0.212±0.012), Ginkgo biloba (0.218±0.017) and the aloe polysaccharide (0.216±0.022) groups were significantly lower than those in the model group but higher than those in the sham group (P<0.05). However, no significant difference was observed between the caspase-3/β-actin ratio among the nimodipine, Ginkgo biloba and the aloe polysaccharide groups (P>0.05).
Discussion
During ischemic brain damage, a series of cell metabolism abnormalities may be induced due to interrupted blood, oxygen and glucose supply. This energy depletion eventually leads to neuronal death or apoptosis (7) . Previous studies have revealed that neuronal apoptosis plays a key role in the pathological process of cerebral ischemia-reperfusion injury (7). In the process of apoptosis, proteins that have crucial functions are affected by specific caspase enzymes (8) . Caspases belong to a highly conserved cysteine protease family that triggers a cascade of proteolysis. All caspases decompose at substrate-specific aspartic acid residues. Upstream caspases successively activate the downstream apoptosis-promoting executive caspases (9) . In the caspase cascade, caspase-8, as an initiating protease, activates a series of proteases, including caspase-9 and -7, and finally activates caspase-3, which is an executor of apoptosis. Caspase-3 is able to incise itself and affect key proteins during apoptosis execution, including the DNA breaks that are typical of apoptosis (10) . In the normal mouse brain, caspase-3 is expressed at low levels (11). Krupinski et al found that following cerebral ischemic injury, caspase-3 peaks at 12-24 h in the zone of infarction and the surrounding penumbra in rats (12) . According to a study by Harrison et al, compared with the ipsilateral cortex in the control and sham groups and the contralateral cortex of the MCAO rats, the caspase-3 mRNA expression in the ipsilateral cortex (the side with damage) in MCAO rats significantly increased at 6, 12 and 24 h, suggesting the involvement of caspase-3 in infarction (13) . The results of the present study reveal that caspase-3 protein and mRNA expression levels in an ischemia-reperfusion injury model in rats were significantly higher compared with the sham group. This finding indicates that caspase-3 is involved in the pathological process of cerebral ischemia-reperfusion injury.
While the caspase-3 protein and mRNA expression levels in rats treated with aloe polysaccharides were lower compared with those in the sham group, they were not significantly different compared with rats treated with nimodipine and Ginkgo biloba. This observation indicates that aloe polysaccharides are able to downregulate caspase-3 expression and have a preventive effect on neuronal apoptosis following ischemic brain injury. The mechanism by which this occurs may be associated with the prevention of the activation of the caspase cascade by regulating cellular proteins or cytokine secretion. It may also be associated with directing the inhibition of caspase-3 expression and reduced brain neuronal apoptosis. Other relevant anti-ischemic mechanisms require further study and confirmation.
In conclusion, caspase-3 is important during neuronal apoptosis and its downregulation reduces neuronal apoptosis and cerebral ischemia-reperfusion injury. Aloe polysaccharides are able to inhibit caspase-3 expression, limit apoptosis and provide neuroprotection. 
